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Abstract - A novel single-pole head on a flying slider is 
presented as a high frequency writing head. The main pole of the 
head is driven with three thin-film conductor layers to have a short 
magnetic circuit path. Thus, a low inductance of around 10 nH 
and a high writing sensitivity o f  less than 0.03 AT,, is obtained. 
The writing field distribution is shown to be the same as a regular 
single-pole head by computer simulations. The recording 
performance of the head is examined and the high writing 
sensitivity is demonstrated. 
Index terms-perpendicular magnetic recording, inductive 
head, single-pole head, high frequency 
I. INTRODUCTION 
Although a regular merged MR head can be used in 
perpendicular magnetic recording, also with a double layer 
perpendicular medium [l], a single-pole head is another 
candidate for a writing head [2]. It is thus interesting to 
examine a practical single pole-head incorporating an MR 
sensor. At the same time, high frequency applications are 
rapidly being extended, and high frequency response is one of 
the most important issues for writing heads. A large inductance 
of the head is thus a fatal drawback. 
Some thin-film single-pole heads with a small number of 
coil-turns have been proposed [3], [4] to realize high head 
efficiency by shortening the magnetic circuit path. In this paper, 
a single pole head with a thin film coil was investigated to 
provide information on the performance of a practical flying 
perpendicular head. The head was designed to attain a low 
inductance for a good high frequency response, as well as a high 
readwrite sensitivity. Two types of single-pole heads were 
fabricated on flying sliders, and their recording performance 
was examined. 
11. HEAD DESIGN GUIDELINE 
The single-pole head has substantial advantages for high 
frequency application. Fig. 1 schematically shows the writing 
flux flow for a single-pole head and a ring head. In the single- 
pole head the writing flux generated with a coil penetrates the 
recording layer and is absorbed by a soft magnetic 
Manuscript received October 17, 1997 
H Muraoka, E-mail muraoka@riec tohoku acjp, Y Nakamura, E-mail 
ynakamuraaklroku riec tohoku ac j p  
This research was partly supported by Association of Super-Advanced 
Electronics Technologies, Storage Research Consortium, and Japanese 
Government under Grant-in-Aid €or Scientific Research 
4 -- 
,.>I,-.* 
Fig 1 Schematic of writing flux flow of a single-pole head (left) and a ring 
head (right) 
underlayer. Most of the generated flux is thus applied to the 
recording layer. In contrast, in a ring head, most flux passes 
between the gap surfaces, and 'stray' flux serves as the writing 
flux. Since inductance is defined as the ratio of a generated flux 
to a current, the single-pole head is expected to have a small 
inductance compared with the ring head, if the same amount of 
flux is applied to the medium. In addition, the thickness of the 
main pole for the single-pole head, 200 - 500 nm, is usually less 
than the ring head's poles, which is expected to result in less 
eddy current loss in the pole. This may be another advantage 
for high frequency applications. A high writing sensitivity is 
necessary for low inductance heads with a small number of coil- 
turns, otherwise a large writing current is required to saturate 
the medium. 
A low height conductor exposed to ABS plane optimizes the 
sensitivity, because the coil energizes the main pole at the end, 
as proven by our preliminary investigation [ 5 ] .  A laminated 
coiVpole structure, not a regular pancake coil, was introduced 
there. A principle design guideline of the single-pole head was 
that a laminated thin film conductor placed at the end of the 
main pole, i.e., exposed at the ABS, should be used as a coil, 
where the flux return path has to have as low a magnetic 
resistance as possible. 
Sliding-contact recording was considered for the original 
single-pole head, which had a bulk ferrite flux return path and 
a bulk coil [6].  Since this writing head structure is not suitable 
for a merged MR head, the bulk coil was replaced by 
conductive thin films. 
111. PREPARATION OF THIN FILM SINGLE-POLE HEAD 
Two types of heads were fabricated; type A head had the 
thin film flux return path as mentioned above. The type B 
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Fig. 2. Schematic drawing of a laminated thin film single-pole head. 
head had a bulk ferrite slider which serves as the flux return 
path, this head was prepared to improve the writing sensitivity 
by reducing the magnetic resistance of the return path. Fig. 2 
shows a schematic view of the type A head. The structure of the 
type B head was exactly the same as the type A head except that 
the thin film return path was omitted. For type A head a 
CoZrNb amorphous film of 3 pm was first deposited as the flux 
return path on an Al,O,TiC substrate. For type B head a ferrite 
substrate was used, and no flux return path was deposited. 
Then, conductor layers, Cr/Cu/Cr, and a main pole, and CoZrNb 
amorphous film, were deposited with isolation layers of SO,. 
All films were deposited by rf sputtering and patterned by 
photo-lithography and ion-milling. The thicknesses of the main 
pole, the conductors and the isolation layers were 400 run, 200 
nm and 300 nm, respectively. The coil height, or the width of 
the uppermost conductor above the main pole, was 5 pm. The 
heads were fabricated on a slider whose flying height was 
around 50 nm. 
Iv.  RECORDING PERFORMANCE 
The writing field distribution of the head was examined by 
computer simulations. The underlayer of a double layer 
medium and the main pole of a single-pole head was assumed 
to have a saturation flux density of 1.2 T. Their assumed 
permeabilities were 3000. No account was taken of eddy 
current effects. Fig. 3 shows the head field distributions, where 
the field of the thin film single-pole head is compared with that 
of a standard single-pole head with a bulk coil. Both field 
distributions around the writing point at the trailing edge, i.e., 
the cross-point of coercive force of a medium, are similar, 
which means that the writing resolution of the type A head is 
comparable to a regular, bulk, single-pole head. 
The inductance of the type B head is plotted in Fig. 4 as a 
function of frequency. The measured inductance was almost 
constant up to 300 MHz, then gradually reduces. The 
inductance was around 10 nH at low frequencies. When the 
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Fig 3 Comparison ofthe field distributions of a regular single-pole head with 
a bulk coil and the laminated thin film single-pole head (the type A head) 
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Fig. 4. Measured inductance (L) and resistance (R) of the type B head 
inductance L, current I and time t is applied, the rise time loss 
is estimated as around 0.2 nsec for a writing current of 100 mA 
and a supply voltage of 5 V. This loss is small for the high 
frequency operations anticipated in the near future. Since the 
head was connected to inductance and resistance measurement 
instruments by a 2 mm wire in the experiment, the inductance of 
the head itself was less than that indicated here. 
An MR head with a shield-shield separation of 270 nm was 
used as a dedicated reading head. A perpendicular disk had a 
CoCrTa recording layer of 50 nm with a CoZrNb soft 
underlayer associated with a SmCo pinning layer [7]. The 
saturation characteristics of the heads for the double layer 
perpendicular disk are shown in Fig. 5 together with an example 
for longitudinal recording. Even though the head has a coil of 
only 1.5 turns, the disk is saturated with a current of around 
100 mA,, for the type A head and around 30 mA,-, for the type 
B head. It can clearly be seen that the thin film single-pole head 
on a bulk ferrite slider (type B) shows a higher sensitivity than 
the other heads. The required magneto-motive force is around 
0.03 AT,,, which is smaller than current longitudinal recording 
by almost one decade. Fig. 6 shows associated roll-off curves. 
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Fig 6 Roll-off curves. The vertical axis shows the amplified amplitude The 
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Fig 7 Overwrite performance 
D,, are about 120 WRPI for the type A head and 135 kFRPI for 
the type B head. The latter result is almost the same as that 
obtained with a bulk single-pole head, 140 WRPI, in sliding 
contact recording. This result indicates that the capability of the 
head to saturate the medium improves the writing resolution of 
the single-pole head. The proven writing resolution of the 
regular single-pole head is therefore confirmed to be available 
also for the thin film flying single-pole head. Since the D,, are 
restricted by the shield gap length of 270 nm of the MR head, 
less gap length improves it. A differentiator may be convenient 
for an h4R head in perpendicular magnetic recording, which will 
also increase the D,, [2].  The overwrite characteristics are also 
satisfactory as shown in Fig 7. Less than -30 dB for the type A 
head with the thin film return path one, or -40 dE3 for the type B 
head with the ferrite slider one, are demonstrated. 
ing performance of a 
novel single-pole flying head was presented. In the head, the 
main pole is directly energized with three conductor-layers. 
This structure shows extremely low inductance of around 10 nH 
and high writing sensitivity of around 0.03 AT,,. 
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